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Abstract 
With the world's energy shortages, climate change and increasingly severe environmental pollution problems, clean 
energy has been given increasingly widespread attentions. The use of clean energy has become an inevitable trend. 
Based on this, the research of smart grid technolagy was brought in the research of clean energy. Then, several clean 
energy grid-connected concrol methods and techniques based on smart grid technology were summarized. Smart Grid 
is essential for the development of clean energy. First, the distribution and supply feature of clean energy requires to 
accelerate the construction  of the smart grid; Second, the randomness, intermittent, and the unbalanced nature of 
peaking capacity of clean energy needs to strengthen the construction  of the smart grid; the third, smart grid 
technologies needs to support two-way flow model after Grid-Connected. 
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1. Introduction 
With the promotion of world economy modernization, the price of oil has been kept on a upward trend. 
What is also noticeable is the shortage of energy supply around the world, the increasing pressures on 
resources and environment pressure, and the enormous power losses in energy delivery due to the low 
efficiency of the current power grid.  
Smart Grid has received considerable attentions and is active subject of research. Smart grid utilizes the 
latest information and communication technologies to accommodate renewable energy generation and to 
construct smart measurement system, demand-side response, distribution automation to transmission grid 
intelligence [1]. The main purpose of smart grid is to meet the future power demands. Nowadays smart 
grid has been one of major trends in the electric power industry and has gained popularity in different 
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application domains [2], [3]. The grid-connected clean energy generation system is the most important 
among the clean energy applications. Study the grid-connected technology is more and more important. 
2. Basic Concept and Major Characteristics of Smart Grid 
A Smart Grid has been defined by the Smart Grids European Technology Platform as “an electricity 
network that can intelligently integrate the actions of all users connected to it – generators, consumers and 
those that do both, in order to efficiently deliver sustainable, economic and secure electricity supply” [4]. 
In general terms, Smart Grid is referred to as the modern grid technology that covers all the part of 
electric power industry from power production to transmission to consumption and implements the 
convergence of electric flow, and information flow and business flow on the basis of information 
technology, communication technology and computer technology [5] – [7].  The basic structure of the 
future Smart Grid shown in Fig.1 
 
Fig. 1. Basic structure of Smart Grid 
From the electric power system perspective, a smart or modern grid should have the following four 
major characteristics [5]: 
1) Information, which means that the smart grid should be able to integrate, share and exploit the real-
time and non-real-time information in electric power systems.  
2) Digitalization, which makes it possible that the grid objects, structure and states can be 
quantitatively described.  
3) Automation, which will require more advanced control systems that construct elastic and flexible 
grid. Conventional grid is, to a large extent, rigid, which lacks of elasticity and flexibility, and thus fails to 
properly meet those requirements.  
4) Interaction, which will bring benefits to electric generation systems, transmission systems and 
consumers. In a smart grid, electric generation, transmission systems and customers need to interact with 
each other and coordinated operate [8]-[9]. 
3. Current Application of Smart Grid Technology in Clean Energy 
3.1. America 
Smart Grid of the United States focused primarily on the network communication function of 
development of intelligent instrumentation and advanced transmission and distribution to quickly grasp 
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the status of various disturbances and faults, and  progressively realize the unified network management 
of solar energy, wind energy, geothermal energy [10]- [11].  
3.2. Europe 
Smart Grid’s research in Europe focused on reducing the use of fossil fuel and increasing the 
proportion of clean energy grid accessed to Europe grid. Europe wants to build the wide area intelligent 
network which wide power transmission network and smart grid power transmissions are combined [12]. 
In early 2009, It began to develop smart grid technology is proposed offshore wind energy and solar 
energy into the European grid. 
3.3. China 
   Smart Grid technology in China started late, and the use of clean energy generation is relatively limited. 
The country initiated a number of technical research and development projects. During the 11th "five-
year plan" , major projects and key projects  were established in three major areas of Advanced energy 
technologies, including coal gasification based poly-generation demonstration project, MW-level grid-
connected photovoltaic power systems, solar thermal power technology and system demonstration project. 
With the goal of large-capacity, long-distance, low loss, high performance, National Grid set goals to 
build the smart grid.  
4. Grid-Connected Control Methods 
4.1. Power electronics-based control method 
Wind turbine, photovoltaic cells, fuel cells, energy storage components need to use power electronic 
converter to connect to the grid system. Present power systems, consisting of few conventional large 
power plants, will be integrated by thousands small energy conversion systems (ECS), often located close 
to loads, capable of autonomous operations, grid connected or isolated [13], [14]. Since the power system 
is continuously changing its structure, sources and loads, the development of very flexible ECS is needed. 
Clean energy that can be installed in a Smart Grid are usually not suitable for direct connection to the 
electrical network due to the fluctuating characteristics of the produced energy, often affected by voltage 
and frequency fluctuation and poor power quality. For such a reason, ECS, based on power electronic 
devices, are required. Advancements in the field of power electronics in combination with modern control 
strategies for inverters offer a variety of operation strategies for efficient system management [15]. The 
inverter is considered the basic component in the optimization of clean energy, since it is the active 
control element at the connection point between the sources and the grid. Future inverters need to be 
flexible and must be able to support any local conditions [16]. 
In the field of power electronics applications in a Smart Grid, Flexible AC Transmission System 
(FACTS) and High Voltage Direct Current (HVDC) will be helpful to provide fast dynamic voltage 
control, power flow and stability control of the power grid while increasing efficient utilization of 
transmission assets. The combination of FACTS and HVDC control with Wide Area Stability Control 
and Protection Systems will exploit control capabilities of both technologies to achieve fast stability 
control of the Smart Grid and to avoid the system blackouts. Mostly, the Converter-based FACTS have 
excellent dynamic reactive power and voltage control capability. If suitable damping controllers will be 
designed, FACTS devices can accomplish appropriate damping for small signal disturbance. Advanced 
components are used in the Smart Grid including next generation FACTS, power quality devices, 
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advanced energy storage, fault current limiters, superconducting transmission cable and rotating machines, 
advanced power electronic switches and conductors. These components can be helpful for the system at 
several levels [17], [18]. 
4.2. Multi-agent system based control method 
Current trends to control and monitor the operation of electric power systems are moving towards the 
use of an automated agent technology, which is known as a multi-agent system  [19]-[21]. In recent years, 
multi-agent systems have been proposed to provide intelligent energy control and management systems in 
micro grids. They take intelligent decisions on behalf of the user. Multi-agent systems offer their inherent 
benefits of flexibility, extensibility, autonomy, reduced maintenance and more [22].  
The components of a multi-agent system are Distributed Energy Resource (DER) agent, Database 
agent, Control agent, and User agent. The user agent acts as the gateway to connect the user to the rest of 
the system. The control agent contains software to perform generator synchronization, maintain   
operating frequency and voltage, sustain suitable real and reactive power, loading and unloading. The 
database agent is responsible for collecting and storing power system data and power demand information 
in a database, and providing access to the database for other agents and DER agent is responsible for 
storing associated DER information, as well as monitoring and controlling [23] and [24]. All messaging 
exchanges among agents are established via the Transmission Control Protocol/Internet Protocol or 
TCP/IP.   
With respect to the interaction of agents with their environments, the control agent receives 
measurements from the main grid and publishes that information to its registered agents [25], [26]. If the 
upstream outage is detected, the control agent sends out a control signal to the main circuit breaker. The 
user agent receives power requirement information from the loads and sends command to the DER agent. 
On the other hand, the DER agent receives power production information from the DER and sends out 
this information to the user agent. The user agent and the DER agent react to their environments [26] 
according to rules predetermined by a user. The Monitors collects any copy of messages being exchanged 
among all agents so that they can be further displayed. In this method, power quality requirements are 
taken into account, and the energy management requirements are also considered. Centralized 
management and distributed independently combined control strategy is adopted. The use of multi-agent 
technology to monitor the various clean power, load and the switch status, makes the smart grid 
information more accessible to get, easier to analyze the stability of the system and design the controller. 
4.3. Advanced fault management control method 
Concept of advanced fault management as a part of the Smart Grid solution is based on full 
coordination of local automation, locally controlled switchgear and relay protection with maximum 
exploitation for minimizing fault duration and undelivered energy [27]. 
 
Fig. 2. Feeder with fault. 
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Basic idea is very simple – to isolate island with distributed generators and important consumer 
immediately after permanent fault occurrence. Which switches will be opened depends on the distributed 
generators power, actual consumption, network state as well as available switches and protections. The 
scenario for islanding has to be prepared in advance and triggered by critical event [28]. E.g. for feeder on 
Fig. 2., it means that opening  breaker B will accompanied with opening switches 5 and 8. Critical event 
can be fault occurrence which will be detected by relay R and voltage relays. This means that an island 
consisting of DG and MV/LV with IC is established. This operation will be successful for all cases when 
faulted section is not on trajectory between DG and IC i.e. on island. Appropriate fault detector setting 
can filter situation when fault occurs on the island. It is necessary to introduce fault detectors on border 
points of the island in regards to the rest of the feeder. On example shown in figure 1 fault detectors FD3 
and FD4 can be used in this purpose. If both detectors are tripped, a fault is downstream of the island or if 
both ones are not tripped a fault is upper stream from the island. Finally, if only FD3 tripped and FD4 did 
not, this would mean that the fault is in the island and that islanding is not possible. Switch 8 has to be 
replaced by breaker in order to provide islanding in cases when fault is downstream of the island. Switch 
5 has to open more slowly contacts of the breaker B and breaker 8 to avoid breaking short circuit current. 
Coordination among breaker B, switch 5 and breaker 8 is adjusted by appropriate time setting. 
Mandatory prerequisite is that the DG is able to continue operation until island operation is established. 
This is quite enough time for establishing an island [29], [30].  
Role of the Smart Grid software component described here is to provide support for advance checking 
of all possible scenarios as well as calculation of appropriate settings and performing all simulations 
necessary for its realization. 
Quality of the proposed solution can be significantly improved if coordination is result from the real 
time calculation and possibility to constitute island dynamically with respect to the current state of 
network [31]. 
4.4.  Virtual power plant (VPP) control technology  
The VPP can be defined as “an information and communication system with centralized control over 
an aggregation of distributed generation, controllable loads and storage devices”. Its main function is to 
control the supply and manage the electrical energy flow not only within the cluster, but also in exchange 
with the main grid. It represents a single entity to the system operator and electricity markets and enables 
visibility and control over a cluster of distributed generation [32]. A VPP at a high-development stage can 
also offer ancillary system and power quality services. The VPP is thus a controlled operation of 
aggregated distributed generation units as illustrated in Fig. 3.  In such a VPP active control is obtained 
through an ICT infrastructure which consists of intelligent devices and smart meters, wireless and cable 
connections, central control computer and software applications [33].   
 
Fig. 3. Aggregation of DG, loads and storage devices in VPP. 
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VPP takes care of correct operation of the DER according to requirements obtained from CVPP and 
system status information. It provides management of the network and execution of ancillary services. It 
operates using information related to the network topology, operating parameters and so forth. Some of 
functionalities of Energy Management System (EMS) like ‘load management’ and ‘load shedding’ are 
performed by VPP [34]. 
VPP could be an important link in achieving end-to-end interoperability. At one side it is directly 
attached to the rest of smart-grid and on the other side it directly manages field devices employed in the 
grid. An additional step in VPP development could be integration with Building Automation Systems 
which would lead to bring market capabilities from the market level directly to the home appliances. 
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